Abstract-
The rest of the paper is organized as follows: In Section II, related work is described and in Section III, characteristics of the Enron email data are introduced. In Section IV, we briefly describe the characteristics of the ABS model. In Section V, we will explain the experiments on ABS and Section VI summarize the comparison results. In Section VII, concluding remarks will follow.
II. RELATED WORK
In the literature, there have been so many studies on communication data such as telephone calls, e-mails, weblogs, and Social Networking Services (SNSs). For example, in [3] about 50,000,000 telephone calls have been analyzed. In [7] , they analyzes the characteristics of the links from large-sized e-mail data at the university. They show that the links follow the power-law and the exponent is 1.5 in receiving e-mail and 2.0 in sending email. For weblog, in [2] , [8] , and [12] , the characteristics of the links have been analyzed. Recently there are many analysis of SNSs such as [1] , [10] , [13] , and [20] as well.
In above-mentioned communication analysis, social network analysis techniques are often used. Social network analysis techniques are the methods to calculate the degree distribution of each node in networks, network density, and centrality, for example. Mainly, there are two distinctive network features; scale-free network follows power-law described in [4] and "small-world network," which has a high density mentioned in [19] . These techniques are described in depth, for example, in [5] and [16] .
However, regarding the e-mail analysis, when members in a group, or senders/receivers of e-mails, are different, it becomes difficult to discuss the findings of the analysis results of the communication. Additionally, if analysts had some specific ideal styles of communication such as "more people can communicate with many people", it would be nonsense to find out the appropriate members in the group. Accordingly, in this paper, we check the changes of the communication styles when members in the group have been changed through ABS reported in [14] . It is impossible to examine such analysis only through the log data. From this reason, we expect that we could have more valuable knowledge by using ABS.
ABS has been already employed for the related analysis [9] , [18] , moreover, it has been employed for marketing and human-centered systems [6] as well. Compared with them, the proposed model is unique because of the following characteristics: (i) Data collection from questionnaire surveys on the communications among the people; (ii) Communication model development by categorizing the both contents and user groups involved in the peer-to-peer communications, and (iii) Agent-based simulation to analyze the implicit mechanisms behind the dynamics.
III. ANALYSIS OF THE ENRON E-MAIL DATA
This section describes the analysis of the Enron e-mail data and the findings from it. The purpose of the analysis is to know the characteristics of the communication in email data.
A. Dataset
The Enron email data set is available from the site http://www.cs.cmu.edu/~enron/, which contains email data Enron_mail_030204.tar.gz during Jan., 2000 and June, 2002 [17] .
The sender/receivers' information is also available from http://ciir.cs.umass.edu/~corrada/enron/. The contents are summarized in Table I .We have utilized the mails by 148 people in mailadd.txt and have made sender/receiver links. For the pre-processing, we have deleted mail headers, referred parts in the messages, and error/notification messages from the systems. 
B. E-mail network
We have made a directed network whose nodes are email senders/receivers and edges are links between e-mail sender and receiver (if person A sends an e-mail to person B, two nodes A and B are made and one edge between two nodes is made). We have considered all people in To: and Cc: in e-mails as receivers.
C. Degree Distributions of the E-mail network
First, we have calculated the degrees (number of edges for each node) of sending (OUT)/ receiving (IN) email networks. Degree means the number of people they communicate with. Accordingly, degree is considered as an important factor to know the characteristics of networks in social communications ( [2] , [3] , [7] , [8] , and [12] ). Figure 2 shows the property. Receiving emails are defined as y=8959.3x -2.1 (adjusted R-square is 0.92), where x is a degree and y is a number of users, and sending emails are defined as y=12775x -2.2 (adjusted R-square is 0.79). Accordingly, they are close to the scale-free network ( [4] ).
Next, we have compared the degree to the total number of emails. The correlations between the OUT (resp., IN) degrees and the total number of sending (resp., receiving) mails are 0.56 (resp., 0.49). This means that users with much more mails have the higher degrees.
D. Network density of the E-mail network
Next, we have calculated the network density based on the following formulas defined in [19] . 
L is the average shortest distance of nodes in a network and C is level of the connection called 'Clustering Coefficient'. A "small-world network" is defined as the network whose L is small and C is big (conceptually, nodes are connected closely). The values of L are almost same in regular random network and "small-world network". However, C in "small-world network" is much bigger than the one in regular random network.
To check the property of "small-world network", we have calculated L and C in E-mail network and compared to the ones in same size regular random network and WS model network which is known as "small-world network" in [19] . k-regular random graph means each node has same k edges. WS model network is made from the regular random graph by rewiring the edges with probability p (0<p<1). In certain p, the network has small L and big C (usually p is about 0.1). Table II shows the L and C for all networks. From the data, it is clear that the E-mail network has a "small-world" property. Figure 3 shows the months that main affairs happened and temporal changes of e-mail In/OUT degrees. From the figure, it is clear that the changes of degree do not explain the main affairs. Figure 4 shows the Peer-to-peer relations of peoples among various levels. There are some rules for the pairs of people related to the main affairs. Specifically, communication among the tops (President/Vice President/CEO) and communication between tops and non-management-level employees are increased.
E. Temporal Changes of the Number of E-mails
Such data will explain the temporal changes of the macro level relations within the organization. The most interesting finding from the figure is that superficial analyses of the data do not uncover what were happened in the Enron case. This section describes briefly explain the simulation system reported in [14] . The system consists of Agents A={A 1 
A. Contents types:Ct
To know the mechanism of the communication among people, we have carried out independent survey studies from the ENRON case. First, we have collected the real world data from the survey questionnaires. The questionnaires are to survey the daily communications of the following two groups of subjects with 78 persons in total: (i) group1: 30 business people ranging in age from 20 to 50 (male: 60%, female: 40%), and (ii) group2: 48 students around 20 years old (male: 30%, female: 70%). The questions consist of the information category they send/receive, frequency of sending/receiving, number of persons to communicate and so on.
Next, we have clustered the information category and define them as 'contents.' The frequency of communications and the rate of sharing between people are used for clustering. We have set four levels for each. From the previous study on the data, we have got into the conclusion that the four levels are appropriate from the collected data. Each content is assigned to the 'type' based on the levels. Accordingly, there are 16 levels in total. We set them as ctype1 to ctype16. Ctype16 means the contents that are shared to many users and sent/received frequently. We call ctype16 as "major content". Ctype1 is an opposite, therefore, we call it as "minor content".
B. Contents evalueated value:Ce
Evaluated values (1: very bad to 5: very good) are assigned to each content. The distribution of the values is fixed in advance in the system. The evaluated values are changed through the communication among agents. The difference from the original value is also fixed in the system. We have decided the criteria for them from the above survey data.
C. Agent types: At
People are also categorized based on their contents type they send/receive.
Considering the contents types, number of agent type is calculated the following formula.
where C t is a contents type and # means item number In the simulator, we have 65535 agent types in total. We have assigned the type atype1 to atype65535 for them. Atype1 means the agents who send/receive just one major contents, and atype16 means the agents who send/receive many types of contents including major contents and minor contents.
D. Communication rule: Rc
We define the following three indicators for choosing communication partners.
Closeness: and A j . In the case of sending, the agent whose 'closeness' or 'similarity' is not 0 is chosen for the communication partner. On the other hand, for receiving, the agent whose 'authority' or 'similarity' is not 0 is chosen.
E. ABS flow
The contents types, number of the contents for each type, the agent types, and the number of agents for each type are set to the simulator, and the simulator executes the virtual communication for a certain period of time in an artificial society.
Each agent is assigned the initial contents to be sent and/or received based on their types.
For certain periods, repeat (i) to (iv), for all agents A i (i=0, …,n; n:number of agents). (i) A i chooses the contents to be sent and/or received, it is chosen randomly but considering the frequency of the distributions based on their type. Figure 5 shows the overview of the system. 
A. Experimental setup -define the Contents and Agents
To examine the email data with the simulated ones, we must categorize the types of information (contents) and users of the Enron data (agents).
For contents, we have used the two dimensions to obtain the indicators for contents described in the previous section: (i) how many users share the information and (ii) how much the information is distributed in common.
To get the information category, we have applied Probabilistic Latent Semantic Analysis (PLSA) method [11] to the dataset. The PLSA only requires word counts of the data instead of explicit text analysis, thus, fairy easy to apply such a dataset.
For agents, we have categorized the users based on the above contents they have sent and/or received.
The outline of the methods for defining the contents and agents is shown in Figure 6 . Please note that the clusters are only derived from the automated method without considering the meanings of the mail contents. Natural language processing techniques might give more informative results, however, in this paper; our objective is to compare the data with the agent-based model, and therefore, the method we have employed is enough for the analysis.
The brief explanations of the classes are as follows: Class C1 includes the keyword related to contract (for example, 'agreement', 'sign'), class C2 includes keywords for local power issues ('power', 'electricity', 'California'), class C3 includes keywords related to proposal /standards ('document', specific standards name), and class C4 includes keywords related to ordinary routine work ('call', 'discuss').
Next, we have matched the contents types from the E-mail data and the ones in ABS (16 types) described in section IV. Contents in ctype16 are "major contents", which are shared by many users and are so frequently sent and/or received. Contents in ctype1 are opposite ("minor contents").
Finally, we have matched the agents' type in the same manner. Table IV shows the matching results. Agents in atype16 are the one, who send and/or receive only major contents and agents in atype837 send and/or receive many types of contents including "major contents" and "minor contents."
B. Experiments with the Enron E-mail data
We have put the contents and agents defined in Table  III and Table IV to our ABS and carried out virtual communication experiments on the artificial society for certain periods until the total number of edges is convergent. We have calculated the degree distribution, network density, and the features of high degree agents.
First, Figure 8 shows the degree distributions of both the Enron Email data and the result of our ABS. Although they have different maximum of degree, they are able to approximate a power-law with high adjusted R-square. They have almost the same exponents in power-law functions.
Since E-mails have one-to-many communications, it might have higher degree than ABS.
Second, network densities are summarized in Table V . The network from the ABS has also "small-world" property.
Third, we have examined characteristics of the high degree agents. The correlation between the degrees of agents and transaction volumes, or communications among agents, is 0.84. The correlation between the degrees of agents and the number of contents types they sent/received is 0.46 (1% significance level in correlation test). Accordingly, agents with higher degrees tend to communicate a lot of the other agents and communicate with lots kind of contents. 
C. Experiments with different environment
In order to know the difference between the results from artificial communications and the real Enron E-mail communication data, we have changed the types of agents and carried out the experiments. Table VI shows the agents types ((a) to (e)). Type (a) is a group, which includes only atype16 agents (send and/or receive only major contents). In contrast, type (e) is a group with atype837 (send and/or receive wide range of contents). Types (b) to (d) are set to the intermediate conditions. Figure 9 .
Degree distribution of ABS Figure 9 shows the degree distributions in groups (a) to (e) and the ones of the simulated Enron E-mails communications. Total degree in group (a) is the smallest and it tends to increase toward group (e). Also it is clear that the increase of atype837 agents achieves the increase of the total degree and the number of agents, who have higher degrees. The network densities are described in table VII. All of the group have high clustering coefficient compared to the ones in regular random graphs. We have also calculated the correlation between the degrees of agents and the transaction volumes and the correlation between the degrees of agents and the number of the contents types they sent and/or received for the groups (b),(c), and (d) (in (a) (e), there are no correlations by definition). Both of the correlation values show high values (0.8 and 0.6 respectively). Accordingly, as the characteristics of the agents with higher degrees, we have obtained the same results to the ABS simulated Enron Emails communications.
VI. DISSCUSSION
From the first step: the analysis of Enron E-mail data, we have drawn the results: (i) the communication network follows the power-law, and (ii) the network has small-world property. The two statements are drawn up because of the characteristics of the group (i.e. e-mail members). Researches on the literature have reported that communication networks in specified groups such as company, university, and school have power-law and/or small-world properties.
At the second step: the analysis on the ABS, we have obtained the same features between the Enron E-mail data and the ABS results. This means that the ABS could be used to analyze the characteristics of the communications. At the last step: the analysis of the communication in different environments on the ABS, we have found the difference of the features of the network. Specifically, the increases of the number of agents who send and/or receive lots kind of contents increase the total degree. This means that it makes the communication more active. We mention that these agents increase the communication with so many other partners (agents) through the different kinds of contents.
In order to check the characteristics of the network by changing the types of contents or agents allow us to execute what-if analysis. It is possible to obtain more valuable knowledge through the ABS analysis than the one by the simple log data analysis.
VII. CONCLUDING REMARKS
In this paper, we have analyzed the characteristics of communication network both from agent-based modeling and social network analysis techniques. The studies have been carried out using both an agent-based simulation model for peer-to-peer communication analysis and the Enron email dataset. Although the origins of the two models are quite different, however, the network characteristics are quite similar to each other. Additionally, we have validated the influence of the changes of the members in the group on an artificial society using ABS.
The results have suggested the potential of the further analyses using agent-based modeling approach to understand complex real world phenomena including business management and decision making problems.
Our future work includes (i) to deeply analyzing the results of the simulations and its relation to the real data and (ii) more generally, to develop agent-based simulators in order to uncover the change mechanisms of communications within an organization when several events have occurred.
